One-hundred clinical isolates of Serratia marcescens were tested for susceptibility to cephalothin, carbenicillin, ticarcillin, ampicillin, and cefoxitin. The majority of the 100 isolates (> 70%) were susceptible to carbenicillin, ticarcillin, and cefoxitin; less than one-half were susceptible to ampicillin; none were susceptible to cephalothin. Ten isolates from the 100 organisms tested were selectively assayed for their ,B-lactamase activity. Enzyme activity was measured using either iodometric or spectrophotometric methods, and the microbiological assay technique. It was concluded that ,B-lactamase production was not the sole determinant in ,8-lactam antibiotic resistance. Resistance without demonstrable ,8-lactamase was evident in strains for cephalothin, ampicillin, and cefoxitin. In
Infections with Serratia have become increasingly more common in the hospitalized patient, especially those receiving antimicrobial agents for protracted periods. These infections present a therapeutic challenge because of extraordinary resistance to most antibiotics. Recently, a proposal has been made to revise speciation within the genus Seratia (6). Johnson and Ellner (11) , in a report on the distribution of Serratia species in clinical specimens, demonstrated the majority (87%) of isolates recovered were S. marcescens. Due to variable susceptibility patterns which have been reported for this organism (11) it was considered of interest to correlate elaboration of f-lactamases with susceptibility to fB-lactam antibiotic. There is suggestive evidence which might link some of the up-surge in Serratia infections with widespread use of certain ,@-lactam antibiotics (17) .
In general, production of ,-lactamase infers resistance to enzyme-lable antibiotics (10) . However, it has been shown (15) Cultures. The S. marcescens isolates used in this study were obtained from a variety of clinical specimens, submitted to departments of Bacteriology, Mayo Clinic, Rochester and University of Illinois Hospital, Chicago. Two nonclinical isolates, Bizio and 08, have been described elsewhere (16) .Stock cultures were maintained on tryptic soy agar slants at 4 C. Determinations of minimal inhibitory concentrations (MIC) were made using a serial twofold broth dilution method in tryptic soy broth (12) . Six-hour cultures were diluted 1:1,000 before addition of 0.05 ml (103 cells) to the twofold antibiotic dilution. The antibiotic concentrations tested ranged from 100 to 0.09 gg/ml except when MICs were > 1,000 ug/ml, in which case the concentration range was 10,000 to 1.95 ug/ml. representing the lower limits of the spectrophotometric assay method. Attempts to induce further s-lactamase activity for these substrates by growing the organisms in media containing low levels of the antibiotics were unsuccessful. DISCUSSION In the past several years, there has been much work conducted to determine the mechanism(s) of resistance of certain bacterial isolates such as S. marcescens to antibiotics. Numerous studies have been conducted by researchers on a variety of resistance mechanisms including enzyme inactivation, bacterial cell wall lipids as permeability barriers, and pigmentation. Reports have indicated that nonpigmented strains of Serratia are more drug resistant than their pigmented counterparts (5, 9) . Although greater drug resistance was demonstrated by pigmented strains in this study of 10 selected isolates, this pattern was not evident when susceptibility for the 100 isolates was examined. Two recent papers (3, 20) have shown there is no correlation between pigment production and antibiotic susceptibility patterns in S.
marcescens.
VOL. 8, 1975 Neu (17) reported strains of S. marcescens resistant to cefoxitin which failed to hydrolyze this antibiotic. One of the 10 isolates (Bizio) in this study was resistant to cefoxitin, however, no ,8-lactamase activity was demonstrated. This finding confirms that reported by Neu. Neu has further reported that strains of S. marcescens which are susceptible to cefoxitin tend also to be susceptible to carbenicillin and ticarcillin (BRL 2288). With the exception of strain Bizio, the susceptibility patterns of the 100 isolates studied would support Neu's finding.
Resistance without demonstrable ,B-lactamase activity was evident in all strains with cephalothin and two strains with ampicillin. A basic tolerance is reported to be an important determinant in the response of a bacterial strain to an antibiotic(s) (7, 8, 18) . In these instances where ,8-lactamase activity was not demonstrated, basic tolerance could be the primary factor responsible for drug resistance. The findings of this study further support and demonstrate that f,-lactamase may play a role in ,B-lactam antibiotic resistance, but it is not the sole determinant in strains of S. marcescens. Other factors such as surface lipid content and the barrier functions of lipopolysaccharide in the outer-membrane of the cell envelope should also be considered.
